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57 ABSTRACT

One exemplary embodiment is a method of driving an image
pickup apparatus including a plurality of photoelectric con-
version units. A driving method of the present exemplary
embodiment includes a generating step of generating electric
charges in the photoelectric conversion unit during a period
from a first time to a second time; and a transferring step of
transferring electric charges generated in the generating step
of generating into at least two electric charge reception units
in parallel. Then, electric charges transferred from different
photoelectric conversion units are added in at least one elec-
tric charge reception unit.

22 Claims, 15 Drawing Sheets
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1
IMAGE PICKUP APPARATUS HAVING
PHOTOELECTRIC COVERSION UNITS,
METHOD OF DRIVING IMAGE PICKUP
APPARATUS, AND METHOD OF DRIVING
IMAGE PICKUP SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to a method of driving an
image pickup apparatus.

2. Description of the Related Art

In an image pickup apparatus proposed in Japanese Patent
Application Laid-Open No. 2006-270658, two output circuits
are arranged by being shifted by a pitch of arrangement of one
photodiode in a row direction and in a column direction.
Further, the output circuits respectively mix signal electric
charges of four photodiodes around the respective output
circuits. With such a configuration, an optical low-pass filter
is not required.

Further, in an image pickup apparatus disclosed in US
Patent Application Publication No. 2010/0133590, four
transfer transistors are connected to a shared photodiode, and
an electric charge of one photoelectric conversion unit is
simultaneously transferred to four diffusion regions. Further,
FIG. 6 of US Patent Application Publication No. 2010/
0133590 discloses that the image quality is improved
although the pixel size is increased and the resolution is
decreased, by adding, in an information processing block,
values obtained from adjacent pixels.

SUMMARY OF THE INVENTION

An exemplary embodiment according to one aspect of the
present invention is a method of driving an image pickup
apparatus including a plurality of photoelectric conversion
units. The method of the embodiment includes a generating
step of generating electric charges in the photoelectric con-
version unit during a period from a first time to a second time;
and a transferring step of transferring electric charges gener-
ated in the generating step into a plurality of electric charge
reception units in parallel. Electric charges transferred from
different photoelectric conversion units in the transferring
step are added in at least one of the plurality of electric charge
reception units, by performing the transferring step for each
of the plurality of photoelectric conversion units.

An exemplary embodiment according to another aspect of
the present invention is a method of driving an image pickup
apparatus including a plurality of photoelectric conversion
units. The method of the embodiment includes a generating
step of generating electric charges in the photoelectric con-
version unit during a period from a first time to a second time;
and a transferring step of transferring electric charges gener-
ated in the generating step into a plurality of floating diffusion
regions in parallel. Electric charges transferred from different
photoelectric conversion units in the transferring step are
added in at least one of the plurality of floating diffusion
regions, by performing the transferring step for each of the
plurality of photoelectric conversion units.

An exemplary embodiment according to another aspect of
the present invention is a method of driving an image pickup
system provided with an image pickup apparatus that
includes a plurality of photoelectric conversion units and a
signal processing apparatus that processes a signal output
from the image pickup apparatus. The method of the embodi-
ment includes a generating step of generating electric charges
in the photoelectric conversion unit during a period from a
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first time to a second time; and a transferring step of transfer-
ring electric charges generated in the generating step into a
plurality of electric charge reception units in parallel. Electric
charges transferred from different photoelectric conversion
units in the transferring step are added in at least one of the
plurality of electric charge reception units, by performing the
transferring step for each of the plurality of photoelectric
conversion unit.

An exemplary embodiment according to another aspect of
the present invention is an image pickup apparatus that
includes a plurality of photoelectric conversion units, transfer
units arranged corresponding to the plurality of photoelectric
conversion units, respectively, and a control unit that controls
the transfer units. The transfer unit distributes electric charges
generated during a period from a first time to a second time in
the photoelectric conversion unit into a plurality of electric
charge reception units. The control unit controls the transfer
units such that electric charges distributed from different
photoelectric conversion units are added in at least one of the
plurality of electric charge reception units.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1C are conceptual diagrams for describing a
principal part of an exemplary embodiment according to the
present invention;

FIG. 2 is a schematic diagram illustrating a configuration
of an image pickup apparatus according to the exemplary
embodiment;

FIG. 3 is a diagram illustrating an equivalent circuit of the
image pickup apparatus according to the exemplary embodi-
ment;

FIGS. 4A and 4B are diagrams for describing moving
average processing in the exemplary embodiment;

FIG. 5 is a schematic diagram illustrating a layout of pixels
of the image pickup apparatus according to the exemplary
embodiment;

FIGS. 6A and 6B are diagrams illustrating driving signals
of the exemplary embodiment;

FIGS. 7A and 7B are schematic diagrams illustrating
image pickup regions of an image pickup apparatus accord-
ing to the exemplary embodiment;

FIGS. 8A and 8B are schematic diagrams illustrating
image pickup regions of an image pickup apparatus accord-
ing to the exemplary embodiment;

FIG. 9 is a diagram illustrating an equivalent circuit of a
signal processing unit of an image pickup apparatus accord-
ing to the exemplary embodiment;

FIG. 10 is a diagram illustrating driving signals of the
exemplary embodiment;

FIG. 11 is a diagram illustrating an equivalent circuit of an
image pickup apparatus according to the exemplary embodi-
ment;

FIG. 12 is a diagram illustrating an equivalent circuit of an
image pickup apparatus according to the exemplary embodi-
ment;

FIG. 13 is a diagram illustrating an equivalent circuit of an
image pickup apparatus according to the exemplary embodi-
ment;

FIG. 14 is a diagram illustrating an equivalent circuit of an
image pickup apparatus according to the exemplary embodi-
ment; and
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FIG. 15 is a block diagram of an image pickup system
according to the exemplary embodiment of the present inven-
tion.

DESCRIPTION OF THE EMBODIMENTS

In the driving method disclosed in Japanese Patent Appli-
cation Laid-Open No. 2006-270658, an electric charge
obtained by a photodiode during a certain period is trans-
ferred to one output circuit, and an electric charge obtained by
the photodiode during a subsequent period is transferred to
the other output circuit. However, since signals having differ-
ent exposure periods are synthesized with such driving,
image quality may be degraded. Especially, when an object
moving at high speed is imaged, the degradation of the image
quality is more likely to become pronounced.

In the image pickup apparatus disclosed in US Patent
Application Publication No. 2010/0133590, addition is per-
formed in an information processing block. Therefore, the
circuit size is easily increased. That is, downsizing of the
image pickup apparatus or the image pickup system is diffi-
cult.

According to some exemplary embodiments of the present
invention, the image quality can be improved without increas-
ing the size of the image pickup apparatus or of the image
pickup system.

One exemplary embodiment according to the present
invention is a method of driving an image pickup apparatus
that includes a plurality of photoelectric conversion units. The
driving method of the present exemplary embodiment
includes a transferring step of transferring an electric charge
caused in one photoelectric conversion unit during a period
from a first time to a second time to a plurality of electric
charge reception units in parallel. Then, the transferring step
of transferring an electric charge is performed with respect to
aplurality of photoelectric conversion units, such that electric
charges transferred from a plurality of photoelectric conver-
sion units are added in one electric charge reception unit.
Hereinafter, a principal part of an exemplary embodiment
according to the present invention will be described with
reference to FIGS. 1A to 1C.

FIG. 1A is a conceptual diagram illustrating a principal
part of an exemplary embodiment of the present invention. An
image pickup apparatus includes a plurality of photoelectric
conversionunits. FIG. 1A schematically illustrates alayout of
four photoelectric conversion units 11 to 14. In the photoelec-
tric conversion units 11 to 14, incident light is converted into
an electric charge. In other words, a signal electric charge
based on the incident light is generated. The photoelectric
conversion units 11 to 14 are, for example, photodiodes. The
photoelectric conversion units 11 to 14 are arranged on a
semiconductor substrate. The semiconductor substrate
includes at least one main surface. The plurality of photoelec-
tric conversion units may be arranged on the main surface in
a one dimensional manner or in a two dimensional manner.

FIG. 1A schematically illustrates a layout of the four elec-
tric charge reception units 21 to 24. The arrows illustrate the
electric charges being transferred from the photoelectric con-
version units to the electric charge reception units. The elec-
tric charge reception units are transfer destinations of the
electric charges from the photoelectric conversion units. Each
of the electric charge reception units is electrically a single
node having a predetermined capacitance value. For example,
the electric charge reception unit is a semiconductor region,
such as a floating diffusion region (hereinafter, FD region).
Alternatively, one electric charge reception unit may include
a plurality of semiconductor regions electrically connected
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through a wiring. For example, a plurality of semiconductor
regions are arranged corresponding to the plurality of photo-
electric conversion units, and the plurality of semiconductor
regions is electrically connected through a wiring. Further,
the electric charge reception unit may be an input node of an
amplification circuit in a following stage. Further, a switch
may be connected to the electric charge reception unit. The
capacitance value of the electric charge reception unit may be
switched by the switch. Alternatively, the plurality of electric
charge reception units is electrically connected to each other
by the switch to serve as one node.

As illustrated in FIG. 1A, an electric charge caused in one
photoelectric conversion unit during a period of a first time to
a second time is transferred to at least two electric charge
reception units in parallel. For example, the electric charge of
the photoelectric conversion unit 11 is transferred to the first
electric charge reception unit 21 and to the second electric
charge reception unit 22 in parallel. Further, the electric
charge in the photoelectric conversion unit 12 is transferred to
the second electric charge reception unit 22 and to the third
electric charge reception unit 23 in parallel. Further, from a
different point of view, the electric charge of one photoelec-
tric conversion unit is distributed to two electric charge recep-
tion units.

As a specific means of transferring an electric charge, a
transfer means like a transfer transistor is used. For example,
two transfer transistors may be connected to one photoelec-
tric conversion unit. These two transfer transistors can be
arranged to electric paths between one photoelectric conver-
sion unit and each of two electric charge reception units
corresponding to the photoelectric conversion unit. As an
example of driving, two transfer transistors are turned OFF
and the photoelectric conversion unit starts accumulation of
an electric charge, and then, the two transfer transistors are
turned ON in parallel. With such driving of the transfer tran-
sistors, the electric charge caused in one photoelectric con-
version unit during the period from the first time to the second
time may be transferred to two electric charge reception units
ata predetermined ratio. The predetermined ratio is favorably
1:1. The predetermined ratio may be changed depending on a
timing at which the transfer transistors are turned ON, or on
the transfer ability of the transfer transistors. By turning ON
the transfer transistors simultaneously, the predetermined
ratio can be 1:1, or can get closer to 1:1.

The first time and the second time are appropriately set for
each photoelectric conversion unit. Note that the first time
may be a time corresponding to an operation of the image
pickup apparatus, such as a timing at which a mechanical
shutter is opened, a timing at which an electric shutter is
released, and a timing at which two transfer transistors are
turned OFF. Further, the second time may be a time corre-
sponding to an operation of the image pickup apparatus, such
as a timing at which two transfer transistors are turned ON.

As another example of the transfer means, a transfer chan-
nel of an electric charge from the photoelectric conversion
unit to the electric charge reception unit may be formed. In
this configuration, during a period in which photoelectric
conversion is performed, a generated electric charge may be
transferred to any of the plurality of electric charge reception
units at a predetermined probability. Favorably, the electric
charge is transferred to the plurality of electric charge recep-
tion units at an equal probability. The predetermined prob-
ability may be changed depending on a structure of the trans-
fer channel. Note that, in this case, the first time may be, for
example, a time at which a mechanical shutter is opened, a
time at which an electronic shutter is released, or a timing at
which a node in which the electric charge is accumulated is
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reset. The second time may be, for example, a timing at which
amechanical shutter is closed, a timing at which an electronic
shutter is operated, or a timing at which a node in which the
electric charge is accumulated is reset.

Transferred electric charges are added in the electric charge
reception units 21 to 24. The electric charges are added in at
least one of the electric charge reception units. For example,
the electric charge of the photoelectric conversion unit 11 and
the electric charge of the photoelectric conversion unit 12 are
transferred to the second electric charge reception unit 22 of
FIG. 1A. As aresult, the electric charges transferred from the
two photoelectric conversion units 11 and 12 are added in the
second electric charge reception unit 22. By simultaneously
transferring the electric charges from the two photoelectric
conversion units 11 and 12, the electric charges transferred
from the respective photoelectric conversion units can be
added. Alternatively, the electric charge from one photoelec-
tric conversion unit 11 is transferred first, and then, the elec-
tric charge from the other photoelectric conversion unit 12 is
transferred while the first transferred electric charge is held,
so that the electric charges from the respective photoelectric
conversion units can be added. At this time, the electric charge
transferred from the photoelectric conversion unit 11 to the
second electric charge reception unit 22 is the electric charge
transferred to the second electric charge reception unit 22, by
atransferring step of transferring the electric charge caused in
the photoelectric conversion unit 11 during the period from
the first time to the second time to the first electric charge
reception unit 21 and to the second electric charge reception
unit 22 in parallel. Also, the electric charge transferred from
the photoelectric conversion unit 12 to the second electric
charge reception unit 22 is the electric charge transferred to
the second electric charge reception unit 22, by a transferring
step of transferring the electric charge caused in the photo-
electric conversion unit 12 during the period from the first
time to the second time to the second electric charge reception
unit 22 and to the third electric charge reception unit 23 in
parallel.

Since the electric charge reception unit is a node having a
predetermined capacitance value, a voltage of the electric
charge reception unit varies in accordance with a total amount
of the transferred electric charge. Even in a case where the
electric charges are transferred from two photoelectric con-
version units to one semiconductor region, or in a case where
the electric charges are respectively transferred from two
photoelectric conversion units to two semiconductor regions
that are electrically connected to each other through a wiring,
similar addition is conducted.

In the driving method of the present exemplary embodi-
ment, the first time and the second time may be individually
set to each of the photoelectric conversion units. The period
from the first time to the second time in each of the photo-
electric conversion units may be corresponding to one expo-
sure period in the photoelectric conversion unit. A relation-
ship between the period from the first time to the second time
in each of the photoelectric conversion units and the exposure
period of the image pickup apparatus will be described.

There are basically two types of exposure methods in the
image pickup apparatus: a global shutter and a rolling shutter.
The global shutter is an exposure method in which starts and
ends of the exposure periods in all photoelectric conversion
units agree. In this exposure method, the period from the first
time to the second time in which an electric charge is caused
in the photoelectric conversion unit 11, and the period from
the first time to the second time in which an electric charge is
caused in the photoelectric conversion unit 12 are the same
period. That is, the first time for the photoelectric conversion
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unit 11 and the first time for the photoelectric conversion unit
12 are the same time. Also, the second time for the photoelec-
tric conversion unit 11 and the second time for the photoelec-
tric conversion unit 12 are the same time. The electric charges
caused in the respective photoelectric conversion units 11 and
12 during this period are transferred to the plurality of electric
charge reception units including the second electric charge
reception unit 22 in parallel.

Meanwhile, the rolling shutter is an exposure method in
which the lengths of the exposure periods in respective pho-
toelectric conversion units are equal to each other, but the
timings of starts and ends of the exposure periods are shifted
to each other in the photoelectric conversion units. Therefore,
the period from the first time to the second time in the pho-
toelectric conversion unit 11 and the period from the first time
to the second time in the photoelectric conversion unit 12 do
not perfectly agree. That is, the first time for the photoelectric
conversion unit 11 and the first time of the photoelectric
conversion unit 12 are different times. Also, the second time
for the photoelectric conversion unit 11 and the second time
for the photoelectric conversion unit 12 are different times.

Next, an electric charge transferred to the electric charge
reception unit other than the second electric charge reception
unit 22, in parallel with the transfer of the electric charge from
the photoelectric conversion unit 11 or from the photoelectric
conversion unit 12 to the second electric charge reception unit
22, will be described. For example, the electric charge trans-
ferred from the photoelectric conversion unit 11 to the first
electric charge reception unit 21 may be discharged instead of
being added with other electric charges. That is, the first
electric charge reception unit 21 may be an electric charge
discharge node, to which a power source voltage is supplied.
In this way, one of the electric charges transferred in parallel
to the plurality of electric charge reception units from one
photoelectric conversion unit may be discharged. Such a con-
figuration may be good to be used especially in a photoelec-
tric conversion unit arranged at an outer periphery of an image
pickup region.

Alternatively, the electric charge transferred from the pho-
toelectric conversion unit 12 to the third electric charge recep-
tion unit 23 may be added with the electric charge transferred
from the photoelectric conversion unit 13 to the third electric
charge reception unit 23. In this way, the electric charge
transferred to the plurality of electric charge reception units in
parallel from one photoelectric conversion unit may be added
in the electric charge reception unit with an electric charge
transferred from other photoelectric conversion units. Such a
configuration may be good to be used in a case where moving
average processing described below is performed.

Next, a combination of the photoelectric conversion units
in which the electric charges are added in the driving method
of'the present exemplary embodiment will be described. FIG.
1B schematically illustrates another example of a layout of
the plurality of photoelectric conversion units. In FIG. 1B,
three photoelectric conversion units 15 to 17 are exemplarily
illustrated. In FIG. 1B, one or more photoelectric conversion
units are arranged between the photoelectric conversion units
15 and 16. Also, one or more photoelectric conversion unit
is/are arranged between the photoelectric conversion units 16
and 17.

In this way, the electric charges of two photoelectric con-
version units having other photoelectric conversion units
there between may be added in the electric charge reception
unit. For example, the electric charge of the photoelectric
conversion unit 15 is transferred to the electric charge recep-
tion unit 25 and to the electric charge reception unit 26 in
parallel. Meanwhile, the electric charge of the photoelectric
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conversion unit 16 is transferred to the electric charge recep-
tion unit 26 and to the electric charge reception unit 27 in
parallel. Then, the electric charge transferred from the pho-
toelectric conversion unit 15 and the electric charge trans-
ferred from the photoelectric conversion unit 16 are added in
the electric charge reception unit 27.

FIG. 1C schematically illustrates still another example of a
layout of the image pickup apparatus. In FIG. 1C, the electric
charges of the two photoelectric conversion units 18 and 19
are transferred to both of the two electric charge reception
units 28 and 29 in parallel. A configuration of FIG. 1C may be
good to be used in a case of performing phase difference auto
focusing (AF) on an imaging surface. In this case, one light
collection unit, for example, a microlens can be commonly
arranged to the plurality of photoelectric conversion units.

Hereinafter, exemplary embodiments of the present inven-
tion will be described in further detail. The above description
is similarly applicable to the exemplary embodiments
described below. Note that the present invention is not limited
by the exemplary embodiments below. Modifications in
which a configuration of a part of the exemplary embodi-
ments described below is changed without departing from the
essence of the present invention are also exemplary embodi-
ments of the present invention. Further, an example in which
aconfiguration of a part of any of the exemplary embodiments
is added to another exemplary embodiment, or an example in
which a configuration of a part of any of the exemplary
embodiments is replaced with a configuration of a part of
another exemplary embodiment is also an exemplary embodi-
ment.

Exemplary Embodiment 1

An exemplary embodiment of the present invention will be
described. In an image pickup apparatus according to the
present exemplary embodiment, each pixel includes a photo-
electric conversion unit and a transfer unit that transfers an
electric charge from the photoelectric conversion unit. The
transfer unit of the present exemplary embodiment transfers
an electric charge caused in one photoelectric conversion unit
during a period from a first time to a second time to two
electric charge reception units in parallel. From a different
point of view, the transfer unit distributes the electric charge
caused in one photoelectric conversion unit to two electric
charge reception units. Then, addition of the electric charges
is conducted in a node that serves as the electric charge
reception unit.

Note that, in the present exemplary embodiment, the mov-
ing average processing is performed by the addition of the
electric charges. Further, in the present exemplary embodi-
ment, the exposure periods agree in all pixels. So-called a
global shutter operation is performed.

FIG. 2 is a block diagram of an overall image pickup
apparatus of the present exemplary embodiment. An image
pickup apparatus 101 can be configured from one chip using
a semiconductor substrate. The image pickup apparatus 101
includes a plurality of pixels arranged on an image pickup
region 102. Further, the image pickup apparatus 101 includes
a control unit 103. The control unit 103 supplies a control
signal, a power source voltage, and the like, to a vertical
scanning unit 104, a signal processing unit 105, and to an
output unit 106.

The vertical scanning unit 104 supplies a driving signal to
the plurality of pixels arranged on the image pickup region
102. The vertical scanning unit 104 can supply a driving
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signal to the plurality of pixels in parallel. The vertical scan-
ning unit 104 can be configured from a shift register or from
an address decoder.

The signal processing unit 105 includes column circuits, a
horizontal scanning circuit, and a horizontal output line. Each
of the column circuits may include a plurality of circuit
blocks. The circuit blocks are a signal holding unit, a column
amplification circuit, a noise reduction unit, an AD conver-
sion unit, and the like. The horizontal scanning circuit can be
configured from a shift register or from an address decoder. A
signal output to the horizontal output line may be an analog
signal or a digital signal.

The output unit 106 outputs a signal transmitted through
the horizontal output line to an outside of the image pickup
apparatus 101. The output unit 106 includes a buffer or an
amplification circuit.

The vertical scanning unit 104, the signal processing unit
105, and the output unit 106 are arranged outside the image
pickup region 102. That is, an boundary of the image pickup
region 102 lies between an element included in the pixel and
an element that configures the vertical scanning unit 104, the
signal processing unit 105, or the output unit 106. For
example, an element isolation portion between an element
included in the pixel arranged at an outermost periphery and
an element that configures the vertical scanning unit 104, the
signal processing unit 105, or the output unit 106 may serve as
the boundary of the image pickup region 102.

FIG. 3 illustrates an equivalent circuit of the image pickup
apparatus of the present exemplary embodiment. FIG. 3 illus-
trates twelve pixels 201. The image pickup region 102 may
include more pixels 201. In the present exemplary embodi-
ment, these pixels 201 are arranged in a matrix. The above-
described twelve pixels 201 form a matrix with 3 rows and 4
columns. A pixel group that can be controlled in parallel by
the vertical scanning unit is a row. A column is a pixel group
arranged in a different direction from the row, and shares one
or a plurality of output lines. Note that the plurality of pixels
is not necessarily arranged in a matrix, and the plurality of
pixels may just be arranged on the image pickup region 102 in
a one dimensional manner or in a two dimensional manner.

Note that, in FIG. 3, when an individual pixel is separately
described, the pixel is expressed by a combination of a
numerical sign and an alphabet, like a pixel 201a. When it is
not necessary to separately describe an individual pixel, the
pixelis simply expressed by a numerical sign only, like a pixel
201. Note that an element having the same function is denoted
with the same numerical sign. When an individual element is
separately described, the element is expressed by a numeral
followed by an alphabet. For example, an element included in
the pixel 201a is denoted with a numeral followed by an
alphabet “a”. This is not limited to the present drawing, and is
basically applied to the following drawings described below.

In FIG. 3, pixels 201a, 2015, 201c¢, and 201d are included
in the first row. Pixels 201e, 201f; 201g, and 201/ are included
in a second row next to the first row. Further, pixels 2014, 2015,
201%, and 201/ are included in a third row. Also, the pixels
201a,201e, and 201 are included in a first column. The pixels
2015, 2017, and 201; are included in a second column next to
the first column. Further, the pixels 201¢, 201g, and 2014 are
included in a third column, and the pixels 201d, 201/, and
201/ are included in a fourth column.

Next, each part of the image pickup apparatus will be
described in detail. The pixel 201 includes a photoelectric
conversion unit 202, a first transfer transistor 261, and a
second transfer transistor 262. The image pickup apparatus
includes a first amplification transistor 263, a reset transistor
267, a clamp transistor 264, a second amplification transistor
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265, and a selection transistor 266 in the image pickup region
102. The first amplification transistor 263, the reset transistor
267, the clamp transistor 264, the second amplification tran-
sistor 265, and the selection transistor 266 are shared by the
plurality of pixels. The elements shared by the plurality of
pixels may be elements included in each of the plurality of
pixels. That is, the image pickup apparatus may be a pixel
amplification-type image pickup apparatus.

The photoelectric conversion unit 202 converts incident
light into a signal electric charge (an electron or an electron
hole). As an example of the photoelectric conversion unit 202,
a photodiode is illustrated. The first transfer transistor 261
and the second transfer transistor 262 respectively transfer the
signal electric charge of the photoelectric conversion unit
202. Voltages supplied to respective control nodes (transfer
gates) of the first transfer transistor 261 and the second trans-
fer transistor 262 control the transfer of the electric charge
from the photoelectric conversion unit 202. The first transfer
transistor 261 and the second transfer transistor 262 configure
the transfer unit.

The first amplification transistor 263 configures a source
follower circuit together with a current source. The first
amplification transistor 263 includes an input node 260.

An output node of the first amplification transistor 263 is
electrically connected to an input node of the second ampli-
fication transistor 265 through a clamp capacitor. The clamp
capacitor clamps a signal output from the first amplification
transistor 263. A reset noise can be reduced by clamping, in
the clamp capacitor, a voltage output when the input node 260
of the first amplification transistor 263 is reset.

An output node of the second amplification transistor 265
is electrically connected to output lines 272 and 273 through
the selection transistor 266. Current sources (not illustrated)
are connected to the respective output lines 272 and 273. The
second amplification transistor 265 configures a source fol-
lower circuit together with the current source connected to the
output lines 272 or 273.

The reset transistor 267 resets a voltage of the input node
260 of the first amplification transistor 263. The clamp tran-
sistor 264 supplies a predetermined voltage to the input node
of'the second amplification transistor 265. The selection tran-
sistor 266 selects one second amplification transistor 265, to
which an amplification signal is output.

In the exemplary embodiment, the reset transistor 267, the
first amplification transistor 263, the second amplification
transistor 265, the clamp transistor 264, and the selection
transistor 266 are respectively MOS transistors. Note that
these transistors may be configured from other types of tran-
sistors, such as a bipolar transistor.

Control lines are respectively connected to control nodes of
the first and second transfer transistors 261 and 262, the reset
transistor 267, the clamp transistor 264, and the selection
transistor 266. The control lines are electrically connected to
the vertical scanning unit 104. The vertical scanning unit 104
supplies driving signals for driving the above-described tran-
sistors to the control lines.

In the present exemplary embodiment, an electric charge
caused in the photoelectric conversion unit 202 during the
period from the first time to the second time is transferred to
two electric charge reception units. This point will be
described by taking the pixel 201/ as an example. A first
transfer transistor 2611 transfers an electric charge of a pho-
toelectric conversion unit 202fto an input node 260a of a first
amplification transistor 263a. A second transfer transistor
262f transfers the electric charge of the photoelectric conver-
sion unit 202/ to an input node 260f of a first amplification
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transistor 263/ That is, the transfer unit of the pixel transfers
the electric charge to two nodes of the photoelectric conver-
sion unit 202.

In the present exemplary embodiment, a control node of
the first transfer transistor 261 and a control node of the
second transfer transistor 262f are mutually connected.
Therefore, when a driving signal for transferring the electric
charge is supplied to a transfer gate, the first and the second
transfer transistors 261 and 262 are turned ON in parallel.
Consequently, the electric charge caused during the period
from the first time to the second time in the photoelectric
conversion unit 202 is approximately equally transferred to
two electric charge reception units. In other words, the elec-
tric charge caused during the period from the first time to the
second time in the photoelectric conversion unit 202 is dis-
tributed to two electric charge reception units. The two elec-
tric charge reception units are, for example, the input node
260q and the input node 2607 in the pixel 201f. Note that, in
the present exemplary embodiment, the electric charge trans-
ferred from each photoelectric conversion unit 202 is referred
to as a first signal for descriptive purpose.

In the present exemplary embodiment, the electric charges
transferred from the plurality of photoelectric conversion
units 202 are added in the input node 260 of the first ampli-
fication transistor 263. For example, the electric charge of
four photoelectric conversion units 202a, 2025, 202¢, and
202f are transferred to the input node 260a of the first ampli-
fication transistor 263a. Further, the electric charges from the
above-described four photoelectric conversion units 202a,
2025, 202¢, and 202f are added in the input node 260a.
Therefore, the first amplification transistor 263a outputs a
signal based on the total amount of the electric charges trans-
ferred from the four photoelectric conversion units 202a,
2025, 202¢, and 202f to the input node 260a. Further, the
electric charges from the four photoelectric conversion units
2021, 202g, 202/, and 202% are transferred to the input node
2607 of the first amplification transistor 263fand are added in
the input node 260f. Therefore, the first amplification transis-
tor 263/ outputs a signal based on the total amount of the
electric charges transferred from the four photoelectric con-
version units 202f; 202g, 202/, and 202% to the input node
260f. In this way, the first amplification transistor 263 outputs
a second signal obtained by the plurality of first signal being
added.

FIG. 3 exemplarily illustrates a combination of pixels,
electric charges of which are added, in a broken line 270 and
a dashed-dotted line 271. The electric charges from four
photoelectric conversion units are added in each input node
260 of the first amplification transistor 263.

The input node 260 includes an FD region. The electric
charge of the photoelectric conversion unit 202 is transferred
to the FD region through the transfer transistor. The input
node 260 may include only one FD region. In this case, the
ratio of the area of the photoelectric conversion unit to a pixel
can be enlarged, so that the sensitivity and the saturation can
be improved. Alternatively, the input node 260 may include a
plurality of FD regions electrically connected with a wiring.
In this case, any of the FD regions can be electrically con-
nected with the wiring. Therefore, it would be good to be used
for a color image pickup apparatus. Also, the input node 260
may include a wiring that configures an electric path between
the FD region and the first amplification transistor.

As described above, addition of the electric charge distrib-
uted from a certain photoelectric conversion unit and the
electric charge distributed from different photoelectric con-
version unit is a characteristic of the present exemplary
embodiment.
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Further, in the present exemplary embodiment, the moving
average processing is performed by the above-described
transfer and addition of electric charges. The moving average
processing is, for example, to perform addition, with respect
to a plurality of signals, by sequentially changing a combina-
tion of signals such that a pitch of signal median points of
signals before addition and a pitch of signal median points of
signals after addition are equalized. In the present exemplary
embodiment, when this moving average processing is per-
formed, a plurality of signals based on electric charges caused
during the period from the first time to the second time is
output in each pixel. To be specific, the electric charges
caused during the period from the first time to the second time
in one photoelectric conversion unit 2 is transferred to the
plurality of electric charge reception units in parallel. Note
that the pitch of signal median points of a plurality of signals
is so-called a sampling pitch.

The moving average processing will be described in further
detail with reference to FIGS. 4A and 4B. FIG. 4A schemati-
cally illustrates a layout of four pixels 1a to 1d. The pixel 1
includes the photoelectric conversion unit 2. Further, in FIG.
4 A, the first signals that are electric charges transferred from
the photoelectric conversion unit 2 and the second signals
obtained by the addition of the electric charges are indicated
by arrows.

In the driving method of the present exemplary embodi-
ment, a plurality of first signals 3 and 4 based on an electric
charge caused during the period from the first time to the
second time is output in each pixel. Here, start times and end
times of exposure periods of the first signals 3 and 4 are
substantially agree. Therefore, both of the first signals 3 and 4
are signals based on the electric charge caused during the
same period. Also, the first signals 3 and 4 are signals that
have not been added or averaged with signals based on the
electric charges caused in other pixels 1. That is, the first
signal is a signal before addition or before averaging. Note
that, in the present exemplary embodiment, the first signals 3
and 4 are the electric charges respectively transferred from
one photoelectric conversion unit 2 to two electric charge
reception units in parallel.

In the driving method of the present exemplary embodi-
ment, the moving average processing is performed by respec-
tively adding the plurality of first signals 3 and 4 of one pixel
with the first signals of separate pixels. To be specific, a first
signal 4a of the pixel 1a and a first signal 35 of the pixel 15 are
added, so that a second signal 5ab is obtained. A first signal 45
of the pixel 15 and a first signal 3¢ of the pixel 1c are added,
so that a second signal 5bc is obtained. A first signal 4¢ of the
pixel 1¢ and a first signal 3d of the pixel 1d are added, so that
a second signal Sc¢d is obtained. Further, a first signal 4d of the
pixel 14 and a first signal 3e of a pixel 1e (not illustrated) are
added, so that a second signal Sde is obtained. In this way, the
plurality of second signals is obtained by adding the first
signals of two pixels 1. That is, the second signal is a signal
after addition. Note that the addition means addition of the
electric charges in the electric charge reception unit. Further,
the second signal is, for example, an amplification signal
output by the first amplification transistor 263 based on the
total amount of the added electric charges.

Next, a relationship between the pitch of signal median
points of signals before addition and the pitch of signal
median points of signals after addition when the moving
average processing is performed will be described. In the
moving average processing, a pitch of signal median points of
signals before addition and a pitch of signal median points of
signals after addition are equal in a first direction. That is, the
sampling pitches are not changed before/after addition or
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averaging. In a different point of view, when a unit length that
includes signal median points of a plurality of signals before
addition is considered in the first direction, the same number
of'signal median points of signals after addition and of signals
before addition are included in the unit length. Here, the first
direction is a direction parallel to a main surface of a semi-
conductor substrate.

FIG. 4A indicates median points 6 of the photoelectric
conversion units 2 by black dots. The median point 6 of the
photoelectric conversion unit 2 may be geometrically deter-
mined based on an outer edge of the photoelectric conversion
unit 2 on a predetermined plane. Here, the predetermined
plane is a plane parallel to the main surface of the semicon-
ductor substrate. The photoelectric conversion unit 2 has typi-
cally a steric structure. Therefore, the outer edge of the pho-
toelectric conversion unit 2 may be determined on a plane that
cuts the photoelectric conversion unit 2.

The outer edge of the photoelectric conversion unit 2 is a
PN junction surface of a semiconductor region, from which a
signal electric charge is collected, from among semiconduc-
tor regions that configure the photoelectric conversion unit 2.
The semiconductor region, from which a signal electric
charge is collected, is an N-type semiconductor region of a
photodiode in a case where the signal electric charge is an
electron. Also, in a case where the pixel 1 includes a transfer
transistor that controls transtfer of the electric charge from the
photoelectric conversion unit 2, an end of a gate electrode of
the transfer transistor on a side of the photoelectric conver-
sion unit 2 may be included in a part of the outer edge of the
photoelectric conversion unit 2.

When the image pickup apparatus is manufactured using a
photolithography process, a pattern of a mask used in the
photolithography substantially defines the outer edge of the
photoelectric conversion unit 2. For example, a pattern of a
mask in a process of forming the semiconductor region, from
which a signal electric charge is collected, may substantially
define the outer edge of the semiconductor region, from
which a signal electric charge is collected. Also, a pattern of
amask in a process of forming a gate electrode of the transfer
transistor may substantially define the end of the gate elec-
trode on the side of the photoelectric conversion unit 2.

Note that, in a case where it is difficult to determine the
median point based on the outer edge of the photoelectric
conversion unit 2 on the predetermined plane, or in a case
where the median point is not unambiguously determined, the
position of the median point may be determined based on a
structure arranged on the photoelectric conversion unit 2. For
example, when seen in a plane, if one opening is defined by a
wiring with respect to one photoelectric conversion unit, the
median point may be determined based on the shape of the
opening. When one opening is not defined with respect to one
photoelectric conversion unit, a median point of an optical
element, such as a microlens, may be the median point of the
photoelectric conversion unit.

The signal median point of the first signal based on the
electric charge caused in one photoelectric conversion unit 2
is the same position as the median point 6 of the one photo-
electric conversion unit 2, if the first signal is not added with
other signals. That is, the signal median point of the first
signal is the same position as the median point 6 of the
photoelectric conversion unit 2. The first signals 3 and 4 in
FIG. 4A are signals before addition. Therefore, the signal
median point of the signal before addition is the same position
of'the median point 6 of the photoelectric conversion unit 2. If
a signal based on the electric charge of one photoelectric
conversion unit 2 is amplified, or is subjected to AD conver-
sion, the position of the signal median point is not changed.
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Note that, when it is not necessary to separately describe the
signal median points, the signal median points of the first
signals 3 and 4 and the median point of the photoelectric
conversion unit 2 are denoted with the same reference sign
and are described.

Asillustrated in FIG. 4A, median points 6a to 6d of the four
photoelectric conversion units 2a to 24 are aligned along the
first direction at a pitch P1. That is, the pitch of the signal
median points of the signals before addition is P1. In other
words, the sampling pitch of the signals before addition is P1.
An interval between the photoelectric conversion units 2 of
adjacent two pixels is not necessarily perfectly equivalent to
the pitch P1. For example, the interval between the photoelec-
tric conversion units 2 of adjacent two pixels may vary due to
a process of manufacturing an image pickup apparatus.

In FIG. 4A, signal median points 7 of the second signals 5
obtained by the moving average processing are indicated by
white dots. The signal median point 7 of the second signal 5
is a midpoint of the signal median points 6 of two first signals
to be added. For example, a signal median point lab of the
second signal 5ab is a midpoint of the signal median point 6a
of the first signal 4a of the pixel 1a and the signal median
point 65 of the first signal 35 of the pixel 1. Here, the first
signals 3 and 4 are signals before addition and the second
signal is a signal after addition. Therefore, the signal median
point of the signal after addition is positioned at the midpoint
of the signal median points of two signals before addition,
which are to be added.

As illustrated in FIG. 4A, the signal median points 7ab,
7bc, 7T ed, and Tde of the four second signals 5ab, 5bc, Scd, and
5de are aligned along the first direction at a pitch P2. That is,
the pitch of the signal median points of the signals after
addition is P2. In other words, the sampling pitch of the
signals after addition is P2.

As illustrated in FIG. 4A, the pitch P1 and the pitch P2 are
equal. That is, in the driving method of the exemplary
embodiment according to the present invention, addition of a
plurality of signals is performed such that the pitch P1 of the
signal median points of the signals before addition and the
pitch P2 of the signal median points of the signals after
addition are equalized. In other words, addition of a plurality
of signals is performed such that the sampling pitch of a
plurality of signals before addition and the sampling pitch of
a plurality of signals after addition are equalized. Such addi-
tion processing is the moving average processing. Note that
the pitch P1 and the pitch P2 are not necessarily equal in a
strict sense. For example, the pitch P1 and the pitch P2 may
have a different to the extent of dispersion due to a process of
manufacturing an image pickup apparatus.

FIG. 4B illustrates an example of a layout of pixels difter-
ent from FIG. 4A. In FIG. 4B, members having the same
functions as FIG. 4A are denoted with the same reference
signs as FIG. 4A. Also in FIG. 4B, the first signal that is the
electric charge transferred from the photoelectric conversion
unit 2 and the second signal obtained by addition of the
electric charges are indicated by arrows.

While in FIG. 4A, the median points 6a to 6d of the four
photoelectric conversion units 2a to 24 are aligned in a
straight line, in FIG. 4B, the median points 6a to 6d of the four
photoelectric conversion units 2a to 2d are arranged in a
zigzag manner. That is, in FIG. 4B, a plurality of pixels is not
aligned in a straight line. As illustrated in F1G. 4B, the moving
average processing may be performed with respect to the first
signals of a plurality of pixels that are not aligned in a straight
line.

In this case, the pitch of the median points 6 of the photo-
electric conversion units 2 and the pitch of the signal median
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points 7 of the second signals 5 are determined based on an
interval along the first direction. The first direction is a direc-
tion parallel to the main surface of the semiconductor sub-
strate. For example, in FIG. 4B, the photoelectric conversion
unit 2a¢ and the photoelectric conversion unit 26 are adja-
cently arranged. Also, the second signal 5ab and the second
signal 55¢ have the signal median points at positions adjacent
to each other. At this time, the distance between the median
point 6a of the photoelectric conversion unit 2¢ and the
median point 65 of the photoelectric conversion unit 24 is
different from the distance between the signal median point
7ab of the second signal 5ab and the signal median point 7b¢
of'the second signal 5b¢. However, the distance between the
median point 6a of the photoelectric conversion unit 2a and
the median point 65 of the photoelectric conversion unit 25 in
the first direction and the distance between the signal median
point 7ab and the signal median point 7bc¢ in the first direction
are equal.

In this way, the pitches P1 of the photoelectric conversion
units 2a to 24 and the pitches P2 of the signal median points
7ab to Tde are equal based on the intervals in the first direc-
tion. That is, the moving average processing is performed
with respect to a plurality of pixels that is not aligned in a
straight line.

In FIGS. 4A and 4B, any photoelectric conversion units 2
of'adjacent two pixels are arranged at the pitch P1. However,
an image pickup apparatus to which the moving average
processing can be applied is not limited to the image pickup
apparatus having such a layout. The image pickup apparatus
may have a layout in which a plurality of photoelectric con-
version units 2 is periodically arranged with a plurality of
pixels in one repetition unit. For example, in FIG. 4A, the
distance between the median point 6a and the median point
65, and the distance between the median point 6¢ and the
median point 64 are a first distance, and the distance between
the median point 65 and the median point 6¢, and the distance
between the median point 64 and the median point 6e may be
a second distance that is different from the first distance. This
is an example in which the photoelectric conversion units 2
are periodically arranged with two pixels in one repetition
unit.

Further, in FIGS. 4A and 4B, an example has been
described for simplification, in which a signal median point of
a signal after addition (second signal) is a midpoint of signal
median points of two signals before addition (first signals).
However, when weighted average is performed, the signal
median point can be arranged at a position that is offset from
the midpoint according to the degree of weighing.

Further, in FIGS. 4A and 4B, examples have been
described for simplification, in which a signal median point of
a signal after addition (second signal) is a midpoint of signal
median points of two signals before addition (first signals).
When first signals of three or more pixels are added, a signal
median point of a signal after addition is determined based on
positions of signal median points of the signals before addi-
tion. Therefore, the meaning of the midpoint in the present
specification is more broadly interpreted than usual meaning.
To be specific, a two-dimensional coordinate, for example, an
XY coordinate on a surface parallel to a main surface of a
semiconductor substrate is allocated to each of the signal
median points of three or more signals before addition. At this
time, an average value of an X-coordinate and an average
value of a Y-coordinate may respectively serve as an X-coor-
dinate and a Y-coordinate of a signal median point of a signal
after addition. In this specification, the point obtained in this
way is also included in the midpoint.
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When the moving average processing is performed in an
image pickup apparatus in which the photoelectric conver-
sion units 2 are not arranged at even intervals, the pitch of the
signal median points of the signals before addition and the
pitch of the signal median points of the signals after addition
may not agree. However, in another point of view, as a result
of'addition of the electric charges, if the number of the signal
median points of a plurality of signals before addition along
the first direction in unit length, and the number of the signal
median points of a plurality of signals after addition in the first
direction in the same unit length are the same, it can be said
that the moving average processing has been performed.

Assume that, as a specific example, in FIG. 4A, the dis-
tance from the median point 6a of the photoelectric conver-
sion unit 2a to the median point 6d of the photoelectric con-
version unit 24 is the unit length. Here, the four signal median
points 6a to 64 including the signal median points 6a and 64
are positioned in this unit length. Meanwhile, in FIGS. 4A
and 4B, the distance from the signal median point lab of the
second signal 5ab to the signal median point 7de of the second
signal 5de is equal to the distance from the median point 6a of
the photoelectric conversion unit 2a to the median point 64 of
the photoelectric conversion unit 24. That is, four signal
median points including the signal median points 7ab and 7de
are included in the unit length.

In this way, performing addition a plurality of signals while
sequentially changing a combination, such that the numbers
of signal median points of signals before addition and of
signals after addition can be included in unit length along a
first direction, is also included in the moving average process-
ing.

Next, the signal median point of the second signal obtained
by the moving average processing in the present exemplary
embodiment will be described in detail with reference to FIG.
5. FIG. 5 schematically illustrates a layout of the photoelec-
tric conversion units 202. Further, FIG. 5 illustrates the
median points 6 of the photoelectric conversion units 202 by
black dots. The position of the median point 6 of the photo-
electric conversion unit 202 is the position of the signal
median point 6 of the first signal of the pixel 201 including the
photoelectric conversion unit 202. In the present exemplary
embodiment, the first signal of the pixel 201 is the electric
charge caused during the period from the first time to the
second time in the photoelectric conversion unit 202 of the
pixel 201 and is transferred from the photoelectric conversion
unit 202. The first signal of the pixel 201 is a signal before
addition.

Further, in FIG. 5, the positions of the signal median points
7 of the second signals obtained by the first signals of the
plurality of pixels 201 being added are indicated by white
dots. The second signal is an amplification signal output from
the first amplification transistor 263 or a signal amplified in a
following stage of the first amplification transistor 263, based
on the total amount of the electric charges added in the input
node 260.

Description will be given by taking the pixels included in
the second column as an example. The signal median point of
the first signal (signal before addition) of the pixel 2015 is the
position of the median point 65 of the photoelectric conver-
sion unit 2025. Similarly, the signal median points of signals
of'the pixels 201f'and 201; are positions of the median points
67'and 6/ of the photoelectric conversion units 202/ and 202j,
respectively. These photoelectric conversion units 2025,
202f, and 202/ are arranged at a predetermined pitch P1 along
the column direction. That is, the pitch of the signal median
points of the signals before addition is P1. In this exemplary
embodiment, the column direction is the first direction.
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The signal median points 7A to 7D are signal median
points of the second signals (signals after addition) obtained
by the first signals from a plurality of photoelectric conver-
sion units being added. The signal median point 7A indicates
the signal median point of the second signal obtained by the
first signal of the pixel 2015, the first signal of the pixel 201c¢,
and the first signals of two pixels (not illustrated) being added.
The signal median point 7B is the signal median point of the
second signal obtained by the first signals of four pixels
surrounded by the broken line 270 of FIG. 3 being added. The
signal median point 7C is the signal median point of the
second signal obtained by the first signals of four pixels
surrounded by the dashed-dotted line 271 of FIG. 3 being
added. The signal median point 7D is the signal median point
of the second signal obtained by the first signal of the pixel
201, the first signal of the pixel 201j, and further the first
signals of two pixels (not illustrated) being averaged. In the
column direction, the signal median points 7A to 7D are
arranged at the pitch P2.

As illustrated in FIG. 5, the pitch P1 and the pitch P2 are
equal. In other words, the sampling pitches before/after addi-
tion are not changed. That is, signals of the pixels included in
the second column are subjected to the moving average pro-
cessing. Therefore, a signal in which moiré is reduced without
decreasing the resolution in the column direction can be
obtained.

Further, in the present exemplary embodiment, the first
signals of a plurality of pixels arranged along the row direc-
tion are also subjected to the moving average processing. For
example, the pitch of the median points 6a to 6d of the
photoelectric conversion units 202e to 202/ are equal to the
pitch of the signal median points 7F, 7B, 7C, 7G, and 7H of
signals after addition. Therefore, a signal having reduced
moiré can be obtained while not reducing the resolution in the
row direction.

Note that, according to the moving average processing of
the present exemplary embodiment, a plurality of second
signals, the signal median points of which are shifted by one
pixel in the row direction and in the column direction, can be
obtained. Therefore, supplementary processing based on a
plurality of second signals may be performed. For example, a
third signal having the signal median point at a position of the
dot 8 indicated by a dashed line of FIG. 5 may be synthesized
using four second signals respectively having the signal
median points 7A, 7B, 7C, and 7G. With such supplementary
processing, an image having high resolution, in which a noise
due to a high-frequency component such as moiré is reduced,
can be obtained.

Alternatively, the moving average processing may be per-
formed with respect to the signal after addition (second sig-
nal). For example, four fourth signals respectively having the
signal median points at the positions of the black dots 6a, 65,
6e, and 6/ can be obtained by adding or averaging the second
signal having the signal median point 7B with the surround-
ing four second signals. In this way, by repeatedly performing
the moving average processing, a noise due to a high-fre-
quency component, such as moiré, can be further reduced.

The above-described supplementary processing or moving
average processing on a signal after addition can be per-
formed in a column circuit included in the signal processing
unit 105. Especially, the moving average processing on a
signal after addition is performed by a method to be described
as an exemplary embodiment below.

Next, a driving method of the present exemplary embodi-
ment will be described in detail. FIGS. 6A and 6B are timing
chart diagrams of driving signals. A driving signal RES is
supplied to a control line connected to the reset transistor 267.
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A driving signal TX is supplied to a control line connected to
the control node of the first transfer transistor 261 and to the
control node of the second transfer transistor 262. A driving
signal CLAMP is supplied to a control line connected to the
control node of the clamp transistor 264. A driving signal SEL
is supplied to a control line connected to the control node of
the selection transistor 266.

In the present exemplary embodiment, the driving signals
RES, TX, and CLAMP are supplied to all pixels in synchro-
nization with each other. A driving signal SEL(n), a driving
signal SEL(n+1), and a driving signal SEL.(n+2) are supplied
to a control line of a selection transistor in a separate row.

The driving signal can receive at least two values: a high
level value and a low level value. When a high level driving
signal is supplied, a transistor or a switch is turned ON. When
alow level driving signal is supplied, a transistor or a switch
is turned OFF.

An operation of the driving signals of FIG. 6A will be
described. All driving signals are at a low level before a time
T10fFIG. 6A. Atthetime T1, the driving signals RES and TX
make a transition from the low level to the high level. Con-
sequently, the photoelectric conversion unit 202 is reset. Fol-
lowing that, the driving signals RES and TX make a transition
from the high level to the low level. From this point, accumu-
lation of electric charges is started in the photoelectric con-
version unit 2. That is, an exposure period is started. In the
present exemplary embodiment, the first time is a time at
which the first transfer transistor 261 and the second transfer
transistor 262 are turned OFF after the time T1.

Atatime T2, the driving signals RES and CLAMP make a
transition from the low level to the high level. Consequently,
voltages of the input node of the first amplification transistor
263 and of the input node 260 of the second amplification
transistor 265 are reset. After a predetermined time has passed
from the time T2, the driving signals RES and CLAMP make
atransition from the high level to the low level. Consequently,
a reset noise can be removed.

Atatime T3, the driving signal TX makes a transition from
the low level to the high level. At this time, the electric charge
accumulated in the photoelectric conversion unit 202 of each
pixel is transferred to two input nodes 260 in parallel. From a
different point of view, the electric charge accumulated in the
photoelectric conversion unit 202 of each pixel is distributed
to the two input nodes 260. Further, at this time, the electric
charge is transferred to the input nodes 260 from a plurality of
photoelectric conversion units 202. Therefore, these electric
charges are added in the input nodes 260. Then, a voltage of
an output node of the first amplification transistor 263 is
changed based on the total amount of the transferred electric
charges. After a predetermined time has passed from the time
T3, the driving signal TX makes a transition from the high
level to the low level. Note that, in the present exemplary
embodiment, the second time is a time at which the first
transfer transistor 261 and the second transfer transistor 262
are turned ON. That is, at the time T3, the electric charge
caused in each photoelectric conversion unit 202 during the
period from the first time to the second time is transferred to
two electric charge reception units in parallel.

At a time T4 or thereafter, the driving signals SEL(n),
SEL(n+1), and SEL(n+2) sequentially make a transition from
the low level to the high level. Consequently, a plurality of
second signals is sequentially output to the output lines 272
and 273. The second signals output to the output lines 272 and
273 are transmitted to the signal processing unit 105, and are
subjected to predetermined signal processing.

Since the selection transistors 266a and 2667 are connected
to different output lines, the driving signals SEL.(n) and SEL,

40

45

55

65

18
(n+1) are synthesized in FIG. 6A. With such a driving
method, a signal can be read out at high speed.

As illustrated in FIG. 6B, the driving signals SEL(n) and
SEL(n+1) sequentially make a transition to the high level.
According to an operation by the driving signal illustrated in
FIG. 6B, the second signal is output only to one of the two
output lines 272 and 273. Therefore, the same second signal
can be input to two column circuits. Therefore, the moving
average processing can be easily performed in the signal
processing unit 105.

As described above, in the present exemplary embodiment,
an electric charge caused in one photoelectric conversion unit
during a period from a first time to a second time is transferred
to two electric charge reception units by a transfer unit in
parallel. An electric charge caused in another photoelectric
conversion unit during a period from a first time to a second
time is transferred to at least one of two electric charge recep-
tion units. Then, the transferred electric charges are added in
the electric charge reception unit. With such a configuration,
addition of signals can be performed with a simple configu-
ration and the image quality can be improved since electric
charges caused in the same period are added.

Further, in the present exemplary embodiment, the moving
average processing is also performed in parallel. With such a
configuration, a signal, in which a noise due to a high-fre-
quency component such as moiré is reduced, can be obtained.
Especially, in the present exemplary embodiment, the signal
used in the moving average processing is the signal based on
the electric charge obtained in the same period. Therefore,
degradation of the image quality can be suppressed compared
with a case where the moving average processing is per-
formed using signals having different exposure periods.

Further, in the present exemplary embodiment, the moving
average processing, to be specific, addition of electric
charges, is performed in each pixel. Therefore, additional
processing with respect to an image signal output from the
image pickup apparatus can be omitted. As a result, an image
pickup operation can be accelerated. Alternatively, a configu-
ration of an overall image pickup system can be downsized.

Note that, in the present exemplary embodiment, an expo-
sure by a global shutter is performed. Therefore, the driving
signal TX is supplied to all pixels in synchronization. There-
fore, by the first and second transfer transistors 261 and 262
being turned ON, the moving average processing is collec-
tively performed with respect to signals of all pixels. That is,
a plurality of addition operations is performed in parallel.
According to such a configuration, a distortion of an object
moving at high speed can be reduced, so that the image
quality can be improved.

Note that, in a modification of the present exemplary
embodiment, an exposure by a rolling shutter may be per-
formed. In the case of a rolling shutter, parts of periods in
which the electric charges are accumulated in the photoelec-
tric conversion units in different rows are overlapped. There-
fore, the image quality can be improved, compared with a
case where the electric charges accumulated in two periods
that are not mutually overlapped at all are added.

Exemplary Embodiment 2

Another exemplary embodiment of the present invention
will be described. In the present exemplary embodiment, a
color filter is provided in a pixel, which is a difference from
the exemplary embodiment 1. Further, in the present exem-
plary embodiment, electric charges of a plurality of pixels to
which color filters of the same color are arranged are added.
That is, moving average processing is performed with respect
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to first signals of a plurality of pixels to which the color filters
of the same color are arranged. In the present exemplary
embodiment, parts not especially described are similar to
those in the exemplary embodiment 1.

FIG. 7A schematically illustrates a plurality of pixels
included in an image pickup apparatus of the present exem-
plary embodiment. One small square schematically repre-
sents a region to which one pixel is arranged in an image
pickup region 102 of FI1G. 2. A group of elements indicated as
elements included in one pixel 201 in the circuit diagram of
FIG. 3 is arranged in this one square.

Note that, in FIGS. 7A and 7B, a pixel is schematically
illustrated by a square. However, the region of one pixel is not
necessarily a square. Also, FIGS. 7A and 7B illustrate an
example in which a plurality of pixels is arranged in a square
lattice. However, the plurality of pixels is not necessarily
arranged in a square lattice, and may just be periodically
arranged in a two dimensional manner.

The circuit configurations of pixels illustrated in FIGS. 7A
and 7B are similar to those in the exemplary embodiment 1.
An image pickup apparatus according to the present exem-
plary embodiment includes an input node 260 configured
from a plurality of FD regions and a wiring that electrically
connects the plurality of FD regions. Therefore, like FIG. 1B,
a separate pixel that is not connected to two pixels 201a and
2015 can be arranged between the two pixels 201a and 2015.
That is, electric changes from two photoelectric conversion
units arranged to interpose a separate photoelectric conver-
sion unit therebetween can be added. Therefore, like a Bayer
array, the addition of electric charges can be performed even
in a case where different color filters are arranged in adjacent
pixels.

An image pickup apparatus of the present exemplary
embodiment includes three color filters. FIG. 7A illustrates
colors of the color filters arranged in the pixels. R indicates a
first wavelength band, for example, a red color filter is
arranged. Gr and Gb indicate a second wavelength band, for
example, a green color filter is arranged. B indicates a third
wavelength band, for example, a blue color filter is arranged.
The image pickup apparatus of the present exemplary
embodiment includes so-called a Bayer array color filter, as
illustrated in the drawings. However, the array of the color
filters is not limited to the Bayer array color filter. At least two
or more color filters may just be arranged.

In FIG. 7A, a combination of pixels, electric charges of
which are added, is indicated by the solid lines 301 to 312 and
the dashed-dotted lines 313 to 324. In the present exemplary
embodiment, electric charges of photoelectric conversion
units of a plurality of pixels to which color filters of the same
color are arranged are added from among the plurality of
pixels surrounded by the solid line or the dashed-dotted line.

Sixteen pixels surrounded by the solid line 301 will be
described as an example. First, an electric charge of a photo-
electric conversion unit of each pixel is transferred to two
input nodes 260 in parallel, similarly to the exemplary
embodiment 1.

A pixel Al, apixel A3, a pixel C1, and a pixel C3 share one
input node 260. That is, the electric charges caused during a
period from a first time to a second time in the photoelectric
conversion units in the pixel Al, the pixel A3, the pixel C1,
and the pixel C3 are added in one input node 260. Conse-
quently, a second signal corresponding to red (the color filter
R) can be obtained. Similarly to other colors. Here, green
color filters are arranged to the pixels indicated by Gr and the
pixels indicated by Gb. However, first signals are added as
different combinations.
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The electric charges of the same color pixels are added in
the sixteen pixels surrounded by other solid lines 302 to 312
and the dashed-dotted lines 313 to 324. Note that, in FIGS. 7A
and 7B, the number of pixels surrounded by the dashed-
dotted lines 316, and 320 to 324 is less than sixteen. However,
in reality, pixels (not illustrated) are included.

In the present exemplary embodiment, moving average
processing is performed with respect to signals of a plurality
ofpixels to which color filters of the same color are arranged.
As a specific example, addition of first signals of the pixel C3
will be described. Four first signals of the pixels Al, A3, C1,
and C3 surrounded by the solid line 301 are added. Mean-
while, four signals of the pixels C3, CS5, E3, and ES sur-
rounded by the dashed-dotted line 313 are added.

FIG. 7B illustrates signal median points of second signals
obtained by addition. FIG. 7B illustrates pixels at which the
signal median points of the second signals obtained by addi-
tion by R, Gb, Gr, or B. For example, the signal median point
of the second signal obtained by the addition of the first
signals of the pixels Al, A3, C1, and C3 in FIG. 7A is posi-
tioned in a region of the pixel B2.

A relationship between a pitch of signal median points of
signals before addition and a pitch of signal median points of
signals after addition will be described with reference to
FIGS.7A and 7B. InFIG. 7A, for example, green color filters
Gr are arranged in pixels A6, C6, E6, G6, 16, and K6 included
in the sixth column. These pixels A6, C6, E6, G6, 16, and K6
are arranged at a pitch of two pixels. That is, the signal median
points of the first signals of the pixels A6, C6, E6, G6, 16, and
K6 are aligned at the pitch of two pixels. In the present
exemplary embodiment, the column direction is a first direc-
tion.

As the moving average processing for the pixels A6, C6,
E6, G6, 16, and K6, addition of first signals of pixels to which
the same green color filters Gr are arranged is performed in
combinations of pixels indicated by the solid lines 302, 306,
and 310, and the dashed-dotted lines 313, 317, and 321. In
FIG. 7B, signal median points of second signals obtained by
the addition in the above-described combinations are posi-
tioned at the pixels B7, DS, F7, H5, J7, and LS. That is, the
signal median points of the second signals of the green color
filters Gr are aligned at a pitch of two pixels in the column
direction. In this way, in the present exemplary embodiment,
the moving average processing is performed with respect to
signals of a plurality of pixels of the same color.

As described above, in the present exemplary embodiment,
the moving average processing is performed for each color in
the image pickup apparatus including color filters of a plural-
ity of colors. According to such a configuration, color mixture
can be reduced in addition to the effect of the exemplary
embodiment 1.

Exemplary Embodiment 3

Another exemplary embodiment of the present invention
will be described. In the present exemplary embodiment, a
combination of pixels with which the moving average pro-
cessing is performed is different from the exemplary embodi-
ments 1 and 2. To be specific, additions of four combinations
are performed with respect to a first signal of one pixel.
Therefore, an electric charge caused during a period from a
first time to a second time in one pixel is transferred to four
electric charge reception units in parallel. Parts not especially
described in the present exemplary embodiment are similar to
those in the exemplary embodiment 1 or 2.

FIG. 8A schematically illustrates a plurality of pixels
included in an image pickup apparatus of the present exem-
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plary embodiment. Marks of positions of pixels are similar to
those in FIGS. 7A and 7B. Also, color filters are arranged to
the pixels in the present exemplary embodiment.

In the present exemplary embodiment, addition of first
signals is performed with respect to one pixel in four diftferent
combinations including the one pixel. The four combinations
are combinations of pixels indicated by a solid line 401, a
broken line 402, a dashed-dotted line 403, and a dashed-two
dotted line 404.

To be specific, a pixel C3 will be described as an example.
As a first combination, electric charges of photoelectric con-
version units of four pixels Al, A3, C1, and C3 are added. As
a second combination, electric charges of photoelectric con-
version units of four pixels A3, A5, C3, and C5 are added. As
a third combination, electric charges of photoelectric conver-
sion units of four pixels C1, C3, E1, and E3 are added. Also,
as a fourth combination, electric charges of photoelectric
conversion units of four pixels C3, C5, E3, and ES are added.
Addition of first signals is performed in four different com-
binations, when focusing on a certain pixel, with respect to
pixels to which color filters of other colors are arranged.

To perform the moving average processing like the above,
in an image pickup apparatus according to the present exem-
plary embodiment, an electric charge of a photoelectric con-
version unit of one pixel is transferred to four electric charge
reception units in parallel. For example, four transfer transis-
tors are connected to one photoelectric conversion unit.

FIG. 8B illustrates signal median points of a plurality of
second signals obtained by addition of the electric charges.
FIG. 8B illustrates pixels at which the signal median points of
the second signals are positioned by R, Gb, Gr, or B. For
example, the signal median point of the second signal
obtained by addition of the first signals of the pixels A1, A3,
C1, and C3 of FIG. 8A is positioned at a region of the pixel
B2.

In the present exemplary embodiment, addition is per-
formed in four different combinations with respect to a first
signal of one pixel. Therefore, the second signals obtained by
addition can be more obtained. When comparing FIGS. 7A
and 8A, arrays of pixels are the same in the exemplary
embodiments 2 and 3. However, in the exemplary embodi-
ment 2, there are pixels, such as the pixels B4, B5, C4, and C5
in FIG. 7B, to which a signal median point of a signal after
addition is not arranged. In contrast, in the present exemplary
embodiment, as illustrated in FIG. 8B, signal median point of
signals after addition are arranged in the pixels excluding
pixels atan outer periphery. That is, the second signals that are
signals after addition can be more obtained. As a result, an
image having high resolution can be obtained.

Note that, in the exemplary embodiments 1 and 2, an image
having high resolution can be obtained by performing supple-
mentary processing based on a plurality of second signals
obtained by addition of a plurality of first signals. In contrast,
according to the present exemplary embodiment, such
supplementary processing can be omitted.

As described above, according to the present exemplary
embodiment, an image having high resolution can be
obtained in addition to the effect of the exemplary embodi-
ments 1 or 2.

Exemplary Embodiment 4

Another exemplary embodiment of the present invention
will be described. The present exemplary embodiment has a
characteristic in which low-pass filter processing is per-
formed in a signal processing unit with respect to a plurality
of'second signals obtained by the moving average processing
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in the exemplary embodiments 1 to 3. The low-pass filter
processing may be the moving average processing. Alterna-
tively, usual pixel addition may be employed. Hereinafter, a
configuration of the signal processing unit and signal process-
ing thereof will be described. All other configurations are
similar to those in the exemplary embodiments 1 to 3.

FIG. 2 is an overall block diagram of an image pickup
apparatus of the present exemplary embodiment. An image
pickup apparatus 101 can be configured from one chip using
a semiconductor substrate. The image pickup apparatus 101
includes a plurality of pixels arranged on an image pickup
region 102. In the present exemplary embodiment, configu-
rations of the image pickup region 102, a control unit 103, a
vertical scanning unit 104, and an output unit 106 are similar
to those in the exemplary embodiments 1 to 3, and therefore,
detailed description is omitted.

FIG. 9 is an equivalent circuit illustrating a part of the
signal processing unit 105. FIG. 9 illustrates a column circuit
and a horizontal output line included in the signal processing
unit 105. FIG. 9 illustrates column circuits of two columns. In
reality, a number of column circuits are arranged correspond-
ing to pixel columns arranged on the image pickup region
102.

Second signals obtained by the moving average processing
in the image pickup region 102 are input to output lines 530a
and 5305. When the image pickup region 102 has the con-
figuration of FIG. 3, the output lines 530a and 5305 corre-
spond to the output lines 272 and 273 of FIG. 3.

Column amplification circuits 600a and 6005 respectively
output amplification signals obtained by amplifying signals
of'the output lines 530a and 5304. The column amplification
circuits 600a and 6005 are respectively configured from
operation amplifiers 660, capacitors 610, capacitors 680, and
feedback switches 670.

The output line 530 is electrically connected to an inverting
input terminal of the operation amplifier 660 through the
capacitor 610. A predetermined voltage VCOR is supplied to
a non-inverting input terminal of the operation amplifier 660.
The feedback switch 670 and the capacitor 680 are arranged
in parallel in an electric path between the inverting input
terminal and an output terminal of the operation amplifier
660. A control line is connected to a control node of the
feedback switch 670. A driving signal PCOR is supplied to the
control node of the feedback switch 670.

The output nodes of the column amplification circuits 600a
and 6005 are electrically connected to a node 620s through
sample hold switches (hereinafter, SH switches) 700a and
7005, respectively. Capacitors C1, C2, and C3 are electrically
connected to the node 620s through first to third memory
selection switches 630a, 6305, and 630c.

The node 620s is electrically connected to a horizontal
output line 570s through a horizontal transfer switch 650. The
horizontal transfer switch 650 is controlled by a driving signal
CSEL supplied from a horizontal scanning circuit (not illus-
trated). The horizontal output line 570s is electrically con-
nected to the output unit 106.

Next, a driving method of the present exemplary embodi-
ment will be described in detail. FIG. 10 is a timing chart
diagram of driving signals. Driving signals SEL(n) and SEL
(n+1) of FIG. 10 correspond to the driving signals SEI(n) and
SEL(n+1) of FIGS. 6A and 6B. That is, the driving signals
SEL(n) and SEL(n+1) of FIG. 10 are respectively supplied to
selection transistors of the image pickup region 102. FIG. 10
illustrates timing charts of around a period in which the driv-
ing signals SEL(n) and SEL(n+1) become a high level in
FIGS. 6A and 6B.
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In FIG. 10, the driving signal PCOR is supplied to a control
line connected to the feedback switch 670. Driving signals
SHA and SHB are respectively supplied to control lines con-
nected to control nodes of the SH switches 700a and 7005.
Driving signals SW1 to SW3 are respectively supplied to
control lines connected to control nodes of the memory selec-
tion switches 630a, 6305, and 630c. A driving signal CSEL
(m) is supplied to a control line connected to a control node of
the horizontal transfer switch 650.

In the present exemplary embodiment, the control unit 103
supplies the driving signals PCOR, SHA, SHB, and SW1 to
SW3. Also, the horizontal scanning circuit supplies the driv-
ing signal CSEL(m).

The driving signals can take at least two values: a high level
and a low level. When a high level driving signal is supplied,
atransistor or a switch is turned ON. When a low level driving
signal is supplied, a transistor or a switch is turned OFF.

The moving average processing has been performed before
atime T1. That is, operations from the time T1 to the time T4
of FIGS. 6 A and 6B have been performed before the time T1.
Also, a signal of (n-1) row that is a previous read row is held
in the capacitor C1 and the capacitor C2.

At the time T1, the driving signal PCOR makes a transition
from the low level to the high level. Other driving signals are
at the low level. Consequently, the column amplification cir-
cuits 600a and 6005 are reset. Note that, at this time, a pre-
determined voltage is supplied to the output lines 530a and
53056. Alternatively, a signal based on a state in which a
voltage of an input node of the second amplification transistor
265a is reset may be output to the output line 530a. After a
predetermined time has passed from the time T1, the driving
signal PCOR makes a transition from the high level to the low
level.

At the time T2, the driving signal SEL(n) makes a transi-
tion from the low level to the high level. Consequently, a
second signal obtained by the moving average processing in
the image pickup region 102 is output to the output line 530a.

Next, at the time T3, the driving signals SHA, SW1, and
SW3 make a transition from the low level to the high level.
Consequently, the column amplification circuit 600a ampli-
fies the second signal of the output line 5304, and outputs an
amplification signal to the node 620s. Then, the amplification
signal output from the column amplification circuit 600a is
held in the capacitors C1 and C3. After a predetermined time
has passed from the time T3, the driving signals SHA, SW1,
and SW3 make a transition from the high level to the low
level.

At the time T4, the driving signals SW1 and SW2 make a
transition from the low level to the high level. Consequently,
the signal (the amplification signal based on the second sig-
nal) held in the capacitor C1 and the signal (the amplification
signal based on the second signal) held in the capacitor C2 are
averaged in the node 620s. At this time, the signal read out at
the time T3 is held in the capacitor C1. Also, a signal of (n-1)
row that is a previous read row is held in the capacitor C2.
That is, at the time T4, the second signal of (n-1) row and the
second signal of n row are averaged. After a predetermined
time has passed from the time T4, the driving signals SW1
and SW2 make a transition from the high level to the low
level.

A horizontal transferring period starts from the time T5. To
be specific, a horizontal scanning circuit sequentially outputs
the driving signal CSEL. Consequently, the signal ofthe node
620s is output to the horizontal output line 570s by capacitor
division. The signal output to the horizontal output line 570s
is output outside the image pickup apparatus by the output
unit 106.
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Next, at the time T6, the driving signal PCOR makes a
transition from the low level to the high level. Consequently,
the feedback switch 670 is turned ON, and the column ampli-
fication circuits 600a and 6005 are reset. Note that, at this
time, a predetermined voltage is supplied to the output lines
530a and 5305. Alternatively, a signal based on a state in
which a voltage of an input node of the second amplification
transistor 265fis reset may be output to the output line 5305.
After a predetermined time has passed from the time T6, the
driving signal PCOR makes a transition from the high level to
the low level.

At the time T7, the driving signal SEL(n+1) makes a tran-
sition from the low level to the high level. Consequently, a
signal obtained by the moving average processing in the
image pickup region 102 is output to the output line 5305.

Next, at the time T8, the driving signals SHB, SW1, and
SW2 make a transition from the low level to the high level.
Consequently, the column amplification circuit 6005 ampli-
fies a second signal of the output line 5305, and outputs an
amplification signal to the node 620s. Then, the amplification
signal output from the column amplification circuit 6005 is
held in the capacitor C1 and the capacitor C2. After a prede-
termined time has passed from the time T8, the driving signals
SHB, SW1, and SW2 make a transition from the high level to
the low level.

At the time T9, the driving signals SW1 and SW3 make a
transition from the low level to the high level. Consequently,
the signal (the amplification signal based on the second sig-
nal) held in the capacitor C1 and the signal (the amplification
signal based on the second signal) held in the capacitor C3 are
averaged in the node 620s. At this time, the signal read out at
the time T8 is held in the capacitor C1. Also, the signal of n
row that is a previous read out row and read out at the time T3
is held in the capacitor C2. That is, at the time T4, the second
signal of n row and the second signal of (n+1) row are aver-
aged. After a predetermined time has passed from the time T4,
the driving signals SW1 and SW2 make a transition from the
high level to the low level.

A horizontal transferring period starts from the time T10.
To be specific, the horizontal scanning circuit sequentially
outputs the driving signal CSEL. Consequently, the signal of
the node 620s is output to the horizontal output line 570s by
capacitor division. The signal output to the horizontal output
line 570s is output outside of the image pickup apparatus by
the output unit 106.

Here, the driving signals SEL(n-1), SEL(n), SEL(n+1),
SEL(n+2), . . ., are sequentially turned to the high level, so
that the second signals output from the image pickup region
102 become Sn-1, Sn, Sn+1, Sn+2, . . . . In the present
exemplary embodiment, in the signal processing unit, a third
signal obtained by averaging a signal Sn-1 and a signal Sn, a
third signal obtained by averaging a signal Sn and a signal
Sn+1, a third signal obtained by averaging a signal Sn+1 and
asignal Sn+2, . . . are sequentially output. That is, the moving
average processing is performed.

As described above, in the present exemplary embodiment,
a plurality of second signal obtained by the moving average
processing in the image pickup region 102 is further subjected
to the moving average processing in the signal processing unit
105. According to such a configuration, a high-frequency
component such as moiré can be further reduced in addition to
any effect of the exemplary embodiments 1 to 3.

Also, in a modification of the present exemplary embodi-
ment, usual pixel addition is performed. In this case, two
second signals having signal median points by one pixel each
in the row direction and in the column direction may just be
averaged. For example, in FIG. 5, the second signal having
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the signal median point 7A and the second signal having the
signal median point 7B are averaged. Also, the second signal
having the signal median point 7C and the second signal
having the signal median point 7D are averaged. Meanwhile,
the second signal having the signal median point 7B and the
second signal having the signal median point 7C are not
averaged. Consequently, a pitch of signals after averaging
becomes double compared with a pitch of signals before
averaging. That is, although the resolution is decreased, the
image quality and the frame rage can be improved instead.

Exemplary Embodiment 5

Another exemplary embodiment of the present invention
will be described. An image pickup apparatus according to
the present exemplary embodiment includes a holding
capacitor that holds a second signal in an electric path
between a second amplification transistor and an output line.
Then, second signals held in the holding capacitor are sequen-
tially read out. Other parts are similar to any of the exemplary
embodiments 1 to 4. Thus, only different points from the
exemplary embodiments 1 to 4 will be described.

FIG. 11 illustrates an equivalent circuit of an image pickup
apparatus of the present exemplary embodiment. Parts having
similar functions to those in FIG. 3 are denoted with the same
reference signs and detailed description is omitted. Also,
elements having the same functions are denoted with the
same numerical signs.

An SH switch 255, a holding capacitor 268, and a third
amplification transistor 269 are arranged in an electric path
between a second amplification transistor 265 and output
lines 272 and 273. A selection transistor 266 is arranged in an
electric path between a third amplification transistor 269 and
output lines 272 and 273. The SH switch 255 and the third
amplification transistor 269 are, for example, MOS transis-
tors. The first amplification transistor 263 and the second
amplification transistor respectively configure a current
source and a source follower circuit (not illustrated).

A signal output from the second amplification transistor
265 is transmitted to the holding capacitor 268 through the SH
switch 255. By the SH switch 255 being turned OFF, the
holding capacitor 268 holds the signal. Since a second signal
obtained by an electric charge being added is output from the
second amplification transistor 265, the second signal is held
in the holding capacitor 268.

The third amplification transistor 269 outputs the second
signal held in the holding capacitor 268 to the output lines 272
and 273. The selection transistor 266 selects one third ampli-
fication transistor 269 that outputs a signal.

According to the present exemplary embodiment, until the
second signal is read out to the output lines 272 and 273, the
second signal can be held in the holding capacitor 268. If a
signal is held in the holding capacitor 268, an effect such as a
dark current can be reduced, compared with a case in which a
signal is held in a node including an FD region, such as an
input node 260. That is, according to the present exemplary
embodiment, a noise can be reduced in addition to the effects
of the exemplary embodiments 1 to 4.

Exemplary Embodiment 6

Another exemplary embodiment of the present invention
will be described. An image pickup apparatus according to
the present exemplary embodiment includes a selection tran-
sistor in an electric path between an output node of a first
amplification transistor and an output line. Further, a second
transistor and a third transistor are omitted. Other parts are
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similar to any of the exemplary embodiments 1 to 4. Thus,
only different points from the exemplary embodiments 1 to 4
will be described.

FIG. 12 illustrates an equivalent circuit of an image pickup
apparatus of the present exemplary embodiment. Parts having
the same functions as those in FIG. 3 are denoted with the
same reference signs, and detailed description is omitted.
Also, elements having the same functions are denoted with
the same numerical signs.

A first amplification transistor 263 outputs a second signal
based on an electric charge added in an input node 260 to
output lines 272 and 273. A selection transistor 266 selects
one first amplification transistor 263 that outputs a signal.

According to the present exemplary embodiment, the num-
ber of transistors arranged on an image pickup region can be
reduced, and therefore the ratio of photoelectric conversion
units can be increased. As a result, the sensitivity and the
saturation can be improved. That is, according to the present
exemplary embodiment, the sensitivity and the saturation can
be improved in addition to the effects of the exemplary
embodiments 1 to 4.

Exemplary Embodiment 7

Still another exemplary embodiment of the present inven-
tion will be described. In the present exemplary embodiment,
two transistors connected to one photoelectric conversion
unit are controlled independently of each other, which is
different from the exemplary embodiment 1. All other parts
are similar to those in the exemplary embodiment 1. Thus,
points different from the exemplary embodiment 1 will be
mainly described. Parts, description of which has been omit-
ted, are similar to those in the exemplary embodiment 1.

FIG. 13 illustrates an equivalent circuit of an image pickup
apparatus of the present exemplary embodiment. Parts same
as those of FIG. 3 are denoted with the same reference signs.
Detailed description of the parts same as those of FIG. 3 are
omitted.

As illustrated in FIG. 13, in the present exemplary embodi-
ment, separate control lines are electrically connected to a
control node of a first transfer transistor 261 and a control
node of a second transfer transistor 262, respectively. A driv-
ing signal TX1 is supplied to the control line connected to the
control node of the first transfer transistor 261. A driving
signal TX2 is supplied to the control line connected to the
control node of the second transfer transistor 262.

The image pickup apparatus of FIG. 13 is driven in two
modes. The first mode is similar to the driving method of the
exemplary embodiment 1. That is, the driving method in the
first mode includes a transferring step of transferring an elec-
tric charge from one photoelectric conversion unit to two
electric charge reception units in parallel.

A driving method in the second mode includes a transfer-
ring step of transferring an electric charge from one photo-
electric conversion unit to only one electric charge reception
unit. According to the driving method in this second mode, a
signal based on the electric charge accumulated in each pho-
toelectric conversion unit 202 can be individually read out.
Therefore, an image having high resolution can be obtained.

These first mode and second mode can be switched by a
control unit 103, for example. Alternatively, the first mode
and the second mode may be switched by a signal from an
outside of the image pickup apparatus.

As described above, in the present exemplary embodiment,
the image pickup apparatus can be driven by switching the
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first mode and the second mode. Therefore, an image having
high resolution can be obtained in addition to the effect of the
exemplary embodiment 1.

Exemplary Embodiment 8

Still another exemplary embodiment of the present inven-
tion will be described. Phase difference AF on an imaging
surface is a characteristic of the present exemplary embodi-
ment. Thus, points different from the exemplary embodiment
1 will be mainly described. Parts, description of which has
been omitted, is similar to those in the exemplary embodi-
ment 1.

FIG. 2 is an overall block diagram of an image pickup
apparatus of the present exemplary embodiment. An image
pickup apparatus 101 can be configured from one chip using
a semiconductor substrate. The image pickup apparatus 101
includes a plurality of pixels arranged on an image pickup
region 102. In the present exemplary embodiment, configu-
rations of a control unit 103, a vertical scanning unit 104, and
an output unit 106 are similar to those of the exemplary
embodiment 1, and therefore, detailed description is omitted.

FIG. 14 illustrates an equivalent circuit of an image pickup
region 102 of an exemplary embodiment. Here, elements
having the same functions as those of FIG. 3 are denoted with
the same numerals. Detailed description of these elements is
omitted. However, in FIG. 14, a plurality of elements having
the same functions is arranged, they are differentiated with
numerals followed by alphabets.

In the present exemplary embodiment, to perform phase
difference AF on an imaging surface, one photoelectric con-
version unit 202 includes two sub-regions. In one photoelec-
tric conversion unit 202, an electric charge caused during a
period from a first time to a second time is distributed to the
two sub-regions. Then, the electric charge accumulated in
each division region is transferred. Two signals based on the
distributed electric charges in this way are read out. A gap of
phase differences or focal points is detected based on a dif-
ference between the two signals. Note that, in the present
exemplary embodiment, circuits for reading out two signals
based on the electric charges of two division regions are
discriminated by denoting with alphabets R and L.

In the present exemplary embodiment, one lens may be
arranged to each photoelectric conversion unit 202. Further, a
potential barrier against a signal electric charge may be
formed between the two division regions of the photoelectric
conversion unit 202. The height of the potential barrier is
lower than a potential barrier between the photoelectric con-
version unit 202 and another photoelectric conversion unit
202. With such a configuration, even in a case one of the two
division regions of the photoelectric conversion unit 202 is
saturated, it can be reduced to leak out the electric charge to
other photoelectric conversion units. When the accumulated
electric charge is an electron, the potential barrier can be
configured from a P-type semiconductor region. Also, when
the accumulated electric charge is a hole, the potential barrier
can be configured from an N-type semiconductor region.

In the present exemplary embodiment, in a photoelectric
conversion unit 202a, an electric charge accumulated in one
of two division regions of the photoelectric conversion unit
202a from among electric charges caused during a period
from a first time to a second time is transferred to an input
node 260aR by a first transfer transistor 261a. In the photo-
electric conversion unit 2024, an electric charge accumulated
in the other of the two division regions of the photoelectric
conversion unit 202¢ from among electric charges caused
during a period from a first time to a second time is transferred
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to an input node 260al. by a second transfer transistor 262a.
The transfer of the electric charge to the input node 260aR
and the transfer of the electric charge to the input node 260al.
may be performed in parallel.

Further, in a photoelectric conversion unit 2024, an electric
charge accumulated in one of two division regions of the
photoelectric conversion unit 2026 from among electric
charges caused during a period from a first time to a second
time is transferred to an input node 260aR by a first transfer
transistor 2615. In the photoelectric conversion unit 20254, an
electric charge accumulated in the other of the two division
regions of the photoelectric conversion unit 2025 from among
electric charges caused during a period from a first time to a
second time is transferred to an input node 260al. by a second
transfer transistor 2625.

Then, the electric charge transferred from the photoelectric
conversion unit 202¢ and the electric charge transferred from
the photoelectric conversion unit 2025 are added in the input
node 260aR. Further, the electric charge transferred from the
photoelectric conversion unit 202a and the electric charge
transferred from the photoelectric conversion unit 2025 are
added in the input node 260aL..

A signal obtained by the electric charges being added in the
input node 260aR is output to an output line 272R. Also, a
signal obtained by the electric charges being added in the
input node 260qaL. is output to an output line 272L. In the
present exemplary embodiment, the phase difference AF on
the imaging surface is performed by applying predetermined
processing to the signals output to the two output lines 272R
and 272L.

Note that reading out of the signals to the output lines 272R
and 272L. is similar to those of the exemplary embodiment 1,
and therefore, detailed description are omitted. Also, simi-
larly to the exemplary embodiments 2 and 3, color filters of a
plurality of colors may be arranged to a plurality of photo-
electric conversion units. Further, a circuit configuration
similar to that of the exemplary embodiments 5 and 6 may be
employed.

As described above, the driving method of the present
exemplary embodiment includes a distributing step of distrib-
uting and transferring electric charge caused during a period
from a first time to a second time in each photoelectric con-
version unit. Then, transferred electric charges are added in
the electric charge reception unit. According to such a con-
figuration, addition of signals with a simple configuration can
be performed and the image quality can be improved since
electric charges accumulated in the same period are added.

Further, in the driving method of the present exemplary
embodiment, electric charges transferred from a plurality of
photoelectric conversion units in both of two electric charge
reception units. Further, a detecting step of detecting a phase
difference using a signal obtained by the electric charges
being added is included. According to such a configuration,
electric charges from a plurality of photoelectric conversion
units can be added, so that high sensitivity can be obtained
even in a case where an object is dark. That is, even in a case
where an object is dark, highly precise detection of a phase
difference can be performed.

Exemplary Embodiment 9

An exemplary embodiment of a method of driving an
image pickup system will be described. Examples of the
image pickup system include a digital still camera, a digital
camcorder, a copier, a fax machine, a mobile phone, a car-
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mounted camera, and a satellite. FIG. 15 illustrates a block
diagram of a digital still camera as an example of the image
pickup system.

FIG. 15 illustrates a barrier 1001 that protects alens, a lens
1002 that images an optical image of an object to an image
pickup apparatus 1004, and a diaphragm 1003 that adjusts an
amount of light having passed through the lens 1002. The
image pickup apparatus 1004 described in the above exem-
plary embodiments converts the optical image imaged by the
lens 1002 into image data. Here, an AD conversion unit is
formed on a semiconductor substrate of the image pickup
apparatus 1004. A signal processing unit 1007 compresses
imaged data output from the image pickup apparatus 1004
and various types of correction and data. Further, in FIG. 15,
a timing generation unit 1008 outputs various timing signals
to the image pickup apparatus 1004 and the signal processing
unit 1007 and an overall control unit 1009 controls the whole
digital still camera. A frame memory unit 1010 temporarily
stores image data, an interface unit 1011 performs recording/
reading outto a recording medium, and a detachably mounted
recording medium 1012, such as a semiconductor memory,
records/reads outimaged data. Further, an interface unit 1013
communicates with an external computer, and the like. Here,
the timing signal and the like may be input from external
image pickup system, and the image pickup system includes
at least the image pickup apparatus 1004 and the signal pro-
cessing unit 1007 that processes an imaged signal output from
the image pickup apparatus 1004.

In the present exemplary embodiment, a configuration has
been described in which the image pickup apparatus 1004 and
the AD conversion unit are formed on the same semiconduc-
tor substrate. However, the image pickup apparatus 1004 and
the AD conversion unit may be provided on separate semi-
conductor substrates. Further, the image pickup apparatus
1004 and the signal processing unit 1007 may be formed on
the same substrate.

In the present exemplary embodiment, the image pickup
apparatus 1004 is driven by any of the driving methods of the
exemplary embodiments 1 to 8. In this way, any of the driving
method of the exemplary embodiments 1 to 8 can be applied
to an image pickup system. By applying the driving methods
of the present exemplary embodiments to an image pickup
system, the image quality of the image pickup system is
improved and the image pickup system can be downsized.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2012-157551, filed Jul. 13, 2012, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. A method of driving an image pickup apparatus includ-
ing a plurality of photoelectric conversion units, the method
comprising:

a generating step of generating electric charges in the plu-
rality of photoelectric conversion units during a period
from a first time to a second time; and

atransferring step of transferring electric charges of one of
the plurality of photoelectric conversion units generated
in the generating step into a plurality of electric charge
reception units in parallel,

wherein electric charges transferred from different photo-
electric conversion units in the transferring step are
added in at least one of the plurality of electric charge
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reception units, by performing the transferring step for
each of the plurality of photoelectric conversion units,

the image pickup apparatus includes a plurality of transfer
transistors arranged respectively in electric paths
between one of the plurality of photoelectric conversion
units and the plurality of electric charge reception units,
each of the plurality of transfer transistors being directly
connected to the one of the plurality of the photoelectric
conversion units,

each of the plurality of transfer transistors transfers an

electric charge directly from the one of the plurality of
photoelectric conversion units to a corresponding elec-
tric charge reception unit among the plurality of electric
charge reception units, and the transferring step is per-
formed by turning on the plurality of transfer transistors
in parallel,

wherein moving average processing is performed by add-

ing electric charges transferred from different photo-
electric conversion units in each of the plurality of elec-
tric charge reception units.

2. The method according to claim 1, wherein supplemen-
tary processing is performed using a plurality of signals
obtained by the moving average processing.

3. The method according to claim 1, further comprising:

an adding step of adding, in each of the plurality of electric

charge reception units, electric charges transferred from
different photoelectric conversion units, and

an outputting step of outputting a plurality of signals based

on the electric charges added in each of the plurality of
electric charge reception units,

wherein a pitch of the plurality of photoelectric conversion

units along a first direction and a pitch of signal median
points of the plurality of signals along the first direction
are equal.

4. The method according to claim 3, wherein a position of
the signal median point of the plurality of signals is a mid-
point of median points of the plurality of photoelectric con-
version units.

5. The method according to claim 3, wherein supplemen-
tary processing is performed using the plurality of signals.

6. The method according to claim 1, further comprising:

an adding step of adding, in each of the plurality of electric

charge reception units, electric charges transferred from
different photoelectric conversion units, and

an outputting step of outputting a plurality of signals based

on the electric charges added in each of the plurality of
electric charge reception units,

wherein a pitch of the plurality of photoelectric conversion

units along a first direction and a sampling pitch of the
plurality of signals along the first direction are equal.

7. The method according to claim 6, wherein supplemen-
tary processing is performed using the plurality of signals.

8. The method according to claim 1, wherein

the plurality of electric charge reception units includes at

least a first electric charge reception unit and a second
electric charge reception unit,

electric charges transferred from different photoelectric

conversion units are added in each of the first and second
electric charge reception units, and

phase difference detection is performed using a signal

based on the electric charges added in the first electric
charge reception unit and a signal based on the electric
charges added in the second electric charge reception
unit.

9. The method according to claim 8, wherein an electric
charge of a first photoelectric conversion unit among the
plurality of photoelectric conversion units is transferred to the
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first electric charge reception unit and the second electric
charge reception unit in parallel, and an electric charge of a
second photoelectric conversion unit among the plurality of
photoelectric conversion units to the first electric charge
reception unit and the second electric charge reception unit in
parallel.

10. The method according to claim 1, wherein the second
time is a time at which the plurality of transfer transistors is
turned ON.

11. The method according to claim 1, wherein each of the
plurality of electric charge reception units includes at least
one floating diffusion region.

12. The method according to claim 11, wherein

color filters of a plurality of colors are arranged to the

plurality of photoelectric conversion units,
each of the plurality of electric charge reception units
includes a plurality of the floating diffusion regions, and

electric charges from a plurality of photoelectric conver-
sion units to which color filters of the same color are
arranged are added.

13. The method according to claim 1, wherein one electric
charge reception unit different from the at least one of the
plurality of electric charge reception units is a discharge node
of'an electric charge with respect to at least one photoelectric
conversion unit among the plurality of photoelectric conver-
sion units.

14. The method according to claim 13, wherein an electric
charge of a photoelectric conversion unit arranged at an outer
periphery of an image pickup region among the plurality of
photoelectric conversion units is discharged to the discharge
node.

15. The method according to claim 1, wherein the image
pickup apparatus includes:

a first mode where the transferring step is performed; and

a second mode where performed is a second transferring

step of transferring an electric charge from each of the
plurality of photoelectric conversion units to only one
electric charge reception unit.

16. The method according to claim 1, further comprising:

an exposure step of performing an exposure,

wherein the first time is a start time of one exposure period

in each of the plurality of photoelectric conversion units,
and the second time is an end time of the one exposure
period in each of the plurality of photoelectric conver-
sion units.

17. The method according to claim 16, wherein the expo-
sure is performed by a global shutter operation.

18. The method according to claim 16, wherein the expo-
sure is performed by a rolling shutter operation.

19. The method according to claim 1, wherein the image
pickup apparatus includes:

aplurality of amplification transistors configured to output

a plurality of signals based on electric charges added
respectively in the plurality of electric charge reception
units;

an output line, the plurality of signals from the plurality of

amplification transistors being output to the output line;
and

aplurality of holding capacitors, each arranged in an elec-

tric path between each of the plurality of amplification
transistors and the output line, and

the method further comprises an outputting step of sequen-

tially outputting a plurality of signals held in the plural-
ity ot holding capacitors to the output line.

20. A method of driving an image pickup apparatus includ-
ing a plurality of photoelectric conversion units, the method
comprising:
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a generating step of generating electric charges in the plu-
rality of photoelectric conversion units during a period
from a first time to a second time; and

atransferring step of transferring electric charges of one of
the plurality of photoelectric conversion units generated
in the generating step into a plurality of floating diffu-
sion regions in parallel,

wherein electric charges transferred from different photo-
electric conversion units in the transferring step are
added in at least one of the plurality of floating diftusion
regions, by performing the transferring step for each of
the plurality of photoelectric conversion units,

the image pickup apparatus includes a plurality of transfer
transistors arranged respectively in electric paths
between one of the plurality of the photoelectric conver-
sion units and the plurality of floating diffusion regions,
each of the plurality of transfer transistors being directly
connected to the one of the plurality of the photoelectric
conversion units,

each of the plurality of transfer transistors transfers an
electric charge directly from the one of the plurality of
photoelectric conversion units to a corresponding float-
ing diffusion regions among the plurality of floating
diffusion regions, and

the transferring step is performed by turning on the plural-
ity of transfer transistors in parallel,

wherein

electric charges transferred from a first group of the pho-
toelectric conversion units are added in a first one of the
plurality of floating diffusion regions,

electric charges transferred from a second group of the
photoelectric conversion units are added in a second one
of the plurality of floating diffusion regions, and

the first group and the second group are different from each
other but include at least one common photoelectric
conversion unit.

21. A method of driving an image pickup system including
an image pickup apparatus including a plurality of photoelec-
tric conversion units and a signal processing apparatus con-
figured to process a signal output from the image pickup
apparatus, the method comprising:

a generating step of generating electric charges in the plu-
rality of photoelectric conversion units during a period
from a first time to a second time; and

atransferring step of transferring electric charges of one of
the plurality of photoelectric conversion units generated
in the generating step into a plurality of electric charge
reception units in parallel,

wherein electric charges transferred from different photo-
electric conversion units in the transferring step are
added in at least one of the plurality of electric charge
reception units, by performing the transferring step for
each of the plurality of photoelectric conversion units,

the image pickup apparatus includes a plurality of transfer
transistors arranged respectively in electric paths
between one of the plurality of photoelectric conversion
units and the plurality of electric charge reception units,
each of the plurality of transfer transistors being directly
connected to the one of the plurality of the photoelectric
conversion units,

each of the plurality of transfer transistors transfers an
electric charge from the one of the plurality of photo-
electric conversion units to a corresponding electric
charge reception unit among the plurality of electric
charge reception units, and

the transferring step is performed by turning on the plural-
ity of transfer transistors in parallel,
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wherein

electric charges transferred from a first group of the pho-
toelectric conversion units are added in a first one of the
plurality of electric charge reception units,

electric charges transferred from a second group of the
photoelectric conversion units are added in a second one
of the plurality of electric charge reception units, and

the first group and the second group are different from each
other but include at least one common photoelectric
conversion unit.

22. A method of driving an image pickup apparatus includ-
ing a plurality of photoelectric conversion units, the method
comprising:

a generating step of generating electric charges in the plu-
rality of photoelectric conversion units during a period
from a first time to a second time; and

atransferring step of transferring electric charges of one of
the plurality of photoelectric conversion units generated
in the generating step into a plurality of electric charge
reception units in parallel,

wherein electric charges transferred from different photo-
electric conversion units in the transferring step are
added in at least one of the plurality of electric charge
reception units, by performing the transferring step for
each of the plurality of photoelectric conversion units,
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the image pickup apparatus includes a plurality of transfer
transistors arranged respectively in electric paths
between one of the plurality of photoelectric conversion
units and the plurality of electric charge reception units,
each of the plurality of transfer transistors being directly
connected to the one of the plurality of the photoelectric
conversion units,

each of the plurality of transfer transistors transfers an
electric charge directly from the one of the plurality of
photoelectric conversion units to a corresponding elec-
tric charge reception unit among the plurality of electric
charge reception units, and the transferring step is per-
formed by turning on the plurality of transfer transistors
in parallel,

wherein

electric charges transferred from a first group of the pho-
toelectric conversion units are added in a first one of the
plurality of electric charge reception units,

electric charges transferred from a second group of the
photoelectric conversion units are added in a second one
of the plurality of electric charge reception units, and

the first group and the second group are different from each
other but include at least one common photoelectric
conversion unit.



